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More principle elements in new materials

• Super alloys

• Magnetic materials

• New solar cell materials

• High-entropy alloys

• …
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Numerous iterations

Long testing times

high degree of trial-and-error



Testing time

Great challenge

High entropy alloys
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Solid state bonding at 170°C, 840 h
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Great challenge
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I3 elements →         3*I*R data points
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IN elements →         N*I*R data points

3D:

ND:

Tensor decomposition



Thermodynamics Ag-Cu-Ni-Sn liquids
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Phase-field model Ag-Cu-Ni-Sn liquid
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Phase-field simulations

Gibbs energy/ 

diffusion
mobility models

(CALPHAD)

Tensor decomposition

Nucleation/ 

elastoplastic
models

DFT based

approaches
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Innovative & high potential idea

IN       →    R*N*I

Microstructure characteristics

(comp, t, Temp, …)
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Tensor decomposition 

techniques 

(PhD 1, month  1-48)

Phase-field  interdiffusion

simulations 

(PhD 2, month  1-48)

DFT / CALPHAD 

(PhD 3, month  1-48)

Phase field  models with

loading effects 

(PhD 4, month  13-60)

Implementation/

Validation 

module (month 1-24)

Discovery 

module (month 1-60)

Multi-material design 

module (postdoc, 

month 25-60)

Validated tensor 

decomposition 

techniques for 

interdiffusion

microstructure 

characteristics 

Outcome 1: HPC 

software

New generic theories 

on the formation of 

interdiffusion

microstructures 

Support outcome 1+2

Key contribution in 

integration of a new 

material, eg a HEA

Outcome 2: PC 

decomposed tensor 

description for Al-

Co-Cr-Fe-Ni(-Mn-

Cu)

± 45500 simulations

130 variables (N), 50 values (I), assume R = 7

Corresponds to 50130≈10220 tensor elements
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